ABSTRACT We describe the daily activity patterns of resting, feeding, oviposition and mating of adult Rhagoletis turpiniae Hernández (Diptera: Tephritidae), a recently described fruit ßy species from Mexico that inhabits both tropical evergreen rain and temperate cloud forests. We also compare certain mating behaviors of R. turpiniae, R. pomonella (Walsh) and R. zoqui Bush. Studies were performed under natural, Þeld-cage and laboratory conditions. In natural settings, i.e., trees of Turpinia insignis (H.B. & K.) Tul. (Staphyleaceae) signiÞcantly more males (n ϭ 1,059) than females (n ϭ 178) were observed, mostly on the lower part of the host fruit (because ßies were not marked, these numbers likely include resightings of the same individual over time). Only a few adults (1.13%) were observed feeding in the host plant. Of the 70 ovipositions observed, 88.9% were recorded in unripe fruits, and 11.1% took place in semiripe or ripe fruits. Greatest oviposition activity (egglaying and aculeus-dragging behavior) was observed between 1000 and 1100 hours. There was a signiÞcant positive correlation between fruit size and number of larvae in a fruit. The greatest proportion of matings (n ϭ 89) occurred between 1100 and 1600 hours and took place on the fruit. Mean copulation duration under natural conditions was 41.78 Ϯ 1.77 min. Studies carried out in Þeld cages and under laboratory conditions conÞrmed that the "resource defense polygyny" mating system characteristic of other Rhagoletis species is also present in R. turpiniae. Under highly artiÞcial laboratory conditions R. turpiniae females mated, on average, 10.47 Ϯ 0.4 times, whereas R. pomonella and R. zoqui females mated, on average, 4.17 Ϯ 0.6 and 1.61 Ϯ 0.3 times, respectively. The maximum number of matings of a single female in one observation day was 15, 14, and 5 in R. turpiniae, R. pomonella and R. zoqui, respectively.
THE GENUS Rhagoletis Loew includes 62 described species and some as yet undescribed species distributed across Europe, Asia and America (Norrbom et al. 1999; Smith and Bush 2000) . In the Neotropics, Rhagoletis species occur in the Greater Antilles, Mexico, Central America and the Andean region of South America (Norrbom et al. 1999) . In Mexico, R. pomonella Walsh, R. cingulata (Loew), R. zoqui Bush, R. ramosae Hernández, R. striatella Wulp and R. turpiniae Hernández (Hernández-Ortiz 1993) have been reported.
Field studies of activity patterns in adult Rhagoletis pomonella have been reported by Prokopy et al. (1971) , Prokopy (1972) , Smith and Prokopy (1980) , Opp and Prokopy (1987) , and Hendrichs and Prokopy (1990) . Studies of feeding, oviposition, and sexual behaviors have also been reported for R. indifferens Curran (Madsen 1970) , R. fausta (Osten Sacken) (Prokopy 1976) , R. mendax Curran (Smith and Prokopy 1981) , R. cingulata (Smith 1984) , R. conversa (Bré thes) (Frṍas et al. 1984) , R. cornivora Bush (Smith 1985a) , R. tabellaria (Fitch) (Smith 1985b) , R. zephyria Snow (Tracewski and Brunner 1987) , and R. juglandis Cresson (Alonso-Pimentel and Papaj 1999) . These species inhabit temperate climates on the American continent and employ a mating system known as "resource defense polygyny," in which males defend from other males the fruits females use as oviposition substrates (Prokopy 1976) . Adults are found principally in the foliage of the host plants and move toward maturing fruits (Prokopy and Papaj 1999) .
Adult R. turpiniae, a recently described species (Hernández-Ortiz 1993), inhabit both temperate cloud and tropical evergreen rain forests in Mexico. Reported host plants in these types of environments are Turpinia insignis (H.B. & K.) Tul. and T. occidentalis breviflora Croat. (Staphyleaceae) (Hernández-Ortiz 1993) .
Little information is available on basic behavior and reproductive biology of R. turpiniae. The only known aspect is that adults are univoltine and display the long diapause or hibernation period characteristic of Rhagoletis (Prokopy 1976) . Our two main objectives were as follows: (1) to describe and quantify, under natural conditions, the daily activity patterns of resting, feeding, oviposition, and sexual behavior in adult R. turpiniae, as well as to determine the association between fruit weight in T. insignis and the number of larvae contained in these fruit and (2) to compare certain aspects of the reproductive biology of R. turpiniae under seminatural and laboratory conditions with those of adult R. pomonella and R. zoqui (two temperate species).
Materials and Methods
Study Site. This study was carried out in the gardens of the Institute of Ecology (Instituto de Ecologṍa, A.C.) in Xalapa, Veracruz, Mexico (19Њ 30Ј N, 96Њ 95Ј W; 1,300 m above sea level). The climate is temperate and humid with year-round precipitation (C(w2)(w)b(iЈ)g; see Garcṍa [1973] ). Average annual rainfall is Ϸ1,500 mm, and average annual temperature is 17.9ЊC (Soto 1986) .
Study Under Field (Natural) Conditions. For 18 consecutive days in July and August 1992, during the fruiting season of T. insignis, systematic observations were made from 0700 to 1800 hours in three T. insignis trees. Each tree was observed sequentally for 15 min, followed by a 15-min rest period. Once the insects were located in the tree, feeding, resting, oviposition, and sexual activities were recorded. Climatic conditions were also noted. Light intensity was measured with a Bisix two light meter (Gossen GMBH, Erlangen, Germany), temperature with a minimum-maximum thermometer (Boeckel, Germany), and relative humidity with a hygrometer (Cole Parmer, Miles, IL). To explore the relationship between fruit weight and the number of ßy larvae, fruits of T. insignis of different sizes were individually weighed and, subsequently, the number of larvae found in each fruit was recorded.
Study Under Seminatural Conditions (Field Cages). Field cage observations were carried out during November 1991, with the objective of comparing aspects of sexual behavior in R. turpiniae to those of R. zoqui and R. pomonella. Pupae and adults of R. turpiniae were collected from infested fruits of T. insignis. Adults of R. zoqui and R. pomonella were obtained from Juglans pyriformis Liebm. (walnut) (Juglandaceae) and Crataegus mexicana DC. (Mexican hawthorn) (Rosaceae) fruits, respectively. All fruit was weighed and placed in plastic washbowls containing a pupation substrate of sifted and wetted soil. Pupae were placed in plastic containers with a vermiculite substrate and maintained at 24Њ Ϯ 2ЊC and 60 Ð70% RH. Adults were removed at 6-d intervals and placed in separate laboratory cages with water and a food source (sucrose and protein in a 3:1 proportion).
To simulate a natural environment, Þve orange, Citrus aurantium Osbeck (L.), Þve guava, Psidium guajava L., and Þve mango, Mangifera indica L., trees contained in plastic pots were placed within a cylindrical Þeld cage (3 by 3 m; see Calkins and Webb [1983] ). Paper rags impregnated with food were hung in some branches of the trees, and 10 Ð15 immature fruits from host trees were set out to induce malefemale encounters and provide oviposition substrates. Twenty females and 10 males of a given species, individually color-coded for identiÞcation, were released inside the cage. Sexual activity was observed from 0700 to 1800 hours, and in all cases, temperature, humidity and light intensity were recorded every hour.
Study under Laboratory Conditions. During a 9-d period in July of 1993, a laboratory experiment was undertaken to determine the number and duration of matings by females of R. turpiniae, R. pomonella, and R. zoqui. Because adult R. turpiniae were captured from host trees, it was impossible to accurately determine their ages. Adult R. pomonella and R. zoqui came from diapausing specimens collected the previous year. Adults of these two species were 12 d old when observations began. All adults were color-marked on the thorax with vinyl paint (Vinci, Vinci de Mexico, S.A. de C.V., Mexico, D.F.). Observations were carried out in Plexiglas cages (30 by 30 by 30 cm each, one per species) containing food, water, and host fruits for oviposition and rest. Eight females and four males were placed in each cage, and sexual activity was recorded continuously during 5 h (1000 Ð1500 hours).
Statistical Analysis. Data were analyzed by analysis of variance (ANOVA, test statistic F) or its nonparametric equivalent (KruskalÐWallis, test statistic H) to assess differences in adult behavior according to time of day. When necessary, we used Fisher least significant difference method for a multiple comparison of means. A Binomial test was run to compare the proportion of males and females sighted. A linear correlation analysis was also used to examine associations between the number of R. turpiniae larvae and the weight of the T. insignis host fruit.
Results
Total Census of Adults. Ambient temperature, light intensity, and relative humidity values recorded in T. insignis trees under natural conditions are shown in Fig. 1 . In this study, a signiÞcantly higher number of males than females was sighted (85.6 versus 14.4%, respectively; n ϭ 1,237; P Ͻ 0.0001). The total number of adult R. turpiniae sighted (male and female) varied signiÞcantly according to time of day (F ϭ 7.07; df ϭ 11, 287; P Ͻ 0.001), with the greatest number of adults observed between 1100 and 1600 hours (Fig. 2) . We note, that because we did not mark individuals, there was the possibility of observing the same individuals repeatedly over time. This also applies to the information below on numbers of resting and feeding events recorded.
Resting Behavior. The preferred resting place for adults was the lower part of immature host fruits. More males (n ϭ 870) than females (n ϭ 50) were observed to be resting. The greatest number of resting males were noted between 1100 and 1700 hours (F ϭ 5.86; df ϭ 11, 287; P Ͻ 0.001), whereas females showed no peak time for this activity (H ϭ 14.25, P ϭ 0.22).
Feeding Behavior. Only 16 individuals (1.3% of all adults), eight of each sex, were observed to be feeding.
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Adults consumed drops of water, secretions from damaged, mature fruits and unidentiÞed substances found on leaves and fruits of host trees (the last may be an example of "grazing" behavior; see Hendrichs et al. [1993] ). The number of males and females observed feeding was independent of the time of day for both males (H ϭ 14.57, P ϭ 0.20), and females (H ϭ 14.08, P ϭ 0.23). Oviposition Behavior. Of the 70 ovipositions observed, 88.9% were recorded in immature fruits and 11.1% took place in semimature or mature fruits. In all cases, females dragged their aculeus over the surface of the fruit immediately after ovipositing, probably depositing a host marking pheromone. Oviposition activity was signiÞcantly associated with time of day (H ϭ 28.62, P ϭ 0.003). Peak activity occurred around 1000 hours (Fig. 3) . A positive association was found between number of R. turpiniae larvae and the weight of T. insignis fruit (r 2 ϭ 0.30, Fig. 4 ). Sexual Behavior. All matings (n ϭ 89) were observed on immature fruits. Males, not exhibiting any apparent sign of courtship behavior, remained in the lower part of the fruit awaiting the arrival of females ready to oviposit. At this moment, males would jump on the back of a female. Females would either sit still or walk while vigorously moving their wings (i.e., apparently trying to dislodge male). In the majority of matings the copulating pairs ßew to another fruit or walked to the underside of a leaf. In some cases, copulating pairs settled on a nearby plant [Witherigia stramonifilia HBX (Solanaceae)]. The number of matings varied signiÞcantly according to time of day (H ϭ 39.90, P ϭ 0.004) with peak mating activity occurring between 1300 and 1400 hours (Fig. 5) . The duration of matings ranged from 39 to 65 min (average of 41.78 Ϯ 1.77 min).
Study under Seminatural Conditions. Fig. 6 compares the temporal distribution of matings for the three Rhagoletis species. Like R. turpiniae, males of R. pomonella and R. zoqui were observed to alight on fruits and copulate as soon as females arrived to oviposit. The greatest number of R. turpiniae matings occurred between 1100 and 1600 hours (H ϭ 24.32, P ϭ 0.004), whereas in R. pomonella peak activity was observed between 1000 and 1100 hours (H ϭ 20.95, P ϭ 0.034). In R. zoqui peak mating activity was recorded between 1500 and 1600 hours (H ϭ 28.77, P ϭ 0.002).
Study under Laboratory Conditions. Females of R. turpiniae mated more often than those of R. pomonella and R. zoqui (Fig. 7A) . Rhagoletis zoqui mated the fewest number of times per female when compared with the other two species (F ϭ 5.64; df ϭ 2, 31; P Ͻ 0.01), and matings were longest in R. pomonella (F ϭ 35.88; df ϭ 2, 204; P Ͻ 0.001) (Fig. 7B) . The maximum number of matings by a single female in one observation day was 15, 14, and 5 in R. turpiniae, R. pomonella, and R. zoqui, respectively. Notably, the maximum number of matings achieved by a R. pomonella and R. turpiniae female during the 9-d period was, 43 and 34, respectively.
Discussion
The sexual behavior of R. turpiniae observed under natural and seminatural conditions is similar to that of other species of Rhagoletis. This, despite the fact that R. turpiniae is the only species that has been found in both temperate (Xalapa, Veracruz) and tropical (Los Tuxtlas, Veracruz) habitats (Hernández-Ortiz 1993). However, adults used in this study only came from a temperate climate (Xalapa), and thus it is still necessary to evaluate adult behavior in the tropical environment. Should they be similar, it would suggest that the mating systems of all Rhagoletis species studied to date, even in tropical climates, differ very little and are not latitudinally dependent. Such a possibility has been proposed by Prokopy (1976) , Smith (1985a Smith ( , 1985b , Tracewski and Brunner (1987) , and more recently by Prokopy and Papaj (2000) .
Rhagoletis turpiniaeÕs resource defense mating system under tropical conditions represents a further addition to the growing list of examples that do not Þt into the temperate/tropical dichotomy proposed by Prokopy (1980) and Burk (1981) . These authors theorized that mating systems expected in these regions would differ because of the distribution and availability of host fruits (i.e., leks would evolve among tropical species and resource defense in temperate ones). Although still useful as a working model, the dichotomy is slowly losing its predictive value. Males of Anastrepha bistrigata (Morgante et al. 1993 ) have also been reported to lack courtship behavior and instead guard fruit in a tropical environment in Brazil. Further, Headrick and Goeden (1994) and Dodson (1985) (working with a series of tepritines) and Heubel and Hoffmeister (2000) (working with the tephritid Myoleja lucida Fallé n) have found leks in temperate tephritids to be more common than previously believed. The shortcomings of the temperate/tropic and monophagous/polyphagous distinctions have been recently discussed by Sivinski et al. (2000) .
In nature, more males than females were observed within the host tree canopies. This agrees with previous results found by for R. pomonella, Smith (1984) for R. cingulata, and Frṍas et al. (1984) who found three times more males than females of R. conversa in their host plant. These authors suggested that R. conversa females spend more time away from host plants probably seeking adequate food sources. Contrary to our observations, Tracewski and Brunner (1987) found similar numbers of R. zephyria males and females on their host plant, as did Smith (1985b) in studies of R. tabellaria. In R. fausta, R. mendax, R. zephyria, and R. juglandis, adults of both sexes are found principally in the foliage at the beginning of the fruiting season, and there is a rapid increase in the numbers of males on fruits as the fruits mature (Prokopy 1976 , Smith and Prokopy 1981 , Tracewski and Brunner 1987 , Alonso-Pimentel and Papaj 1996 , Prokopy and Papaj 2000 .
In R. pomonella, most females have not yet mated when the fruiting season begins. Initial matings occur principally on the leaves of host trees and include courtship rituals such as wing movements, certain body postures and the release of male pheromones (Prokopy et al. 1973 , Prokopy 1975 , Smith and Prokopy 1980 . Once matings have terminated, females "ignore" males and begin to oviposit on fruits. Alonso-Pimentel and Papaj (1996) , working with R. juglandis, suggest that there is a Þtness advantage for males to be in the foliage at the beginning of the fruiting season, perhaps because virgin females are also available at these sites. They note that after females have mated and oviposition resources are available, adults of both sexes relocate to fruits. In our case, it was not possible to examine this effect since observations were only carried out for a 2-wk period, and T. insignis produces fruits for Ϸ6 Ð 8 wk. Perhaps if our observations had been made earlier in the season, a substantial number of matings of R. turpiniae initiated on leaves would have also been seen. What appears to be forced matings might be due to low female receptivity when they are on fruit to oviposit, as occurs in R. mendax (Smith and Prokopy 1982) or an indication that females are measuring in some way the stamina of males (by making it difÞcult for the males to successfully mount them).
In our study, the majority of R. turpiniae adults spent most of the observation period resting in the host plant. Furthermore, we were not always able to locate them early in the morning or at nightfall. This suggests that like certain species of Anastrepha, Bactrocera, and Toxotrypana Birke 1993, Aluja et al. 1997 and references therein), R. turpiniae adults moved from the host trees to other unidentiÞed plants on a daily basis. Such displacement might be explained if host trees are used for oviposition and mating during the day, and nonhost plants serve as refuge from predators at night. A similar phenomenon has been noted in R. conversa (Frṍas et al. 1984) . Furthermore, Prokopy and Papaj (2000) note that at nightfall, many adults of various Rhagoletis species remain almost exclusively in the upper parts of trees and attribute this to antipredatory behavior or to the effect of abiotic factors such as light and temperature as well.
We found that the number of adults of R. turpiniae feeding on fruit juices was very low in relation to the total number of adults observed. This result concurs with that of Prokopy (1976) who observed only one adult of R. fausta feeding on host fruits. Infrequent feeding suggests that the juices exuding from T. insignis fruits are not adequate food resources for R. turpiniae. Similar hypotheses were proposed for R. conversa (Frṍas et al. 1984) and R. mendax (Smith and Prokopy 1981) to explain why adults fed only on the surfaces of host plant leaves. In contrast, R. indifferens (Frick et al. 1954) , R. cerasi (Leski 1963) , R. mendax (Smith and Prokopy 1981) and R. cingulata (Smith 1984) , among other species, preferred the juices of damaged fruits (Prokopy and Papaj 2000) .
With respect to food resources and feeding frequency of adult Rhagoletis in nature, it has been pointed out that carbohydrates and water may be ingested daily but that proteins are consumed less frequently (Prokopy and Papaj 2000) . It has been demonstrated that not only in various species of Rhagoletis but also in Anastrepha species other food sources such as bird droppings can have an important effect on adult longevity and fecundity (Prokopy and Economopoulos 1975 , Smith and Prokopy 1981 , Aluja and Birke 1993 , Jácome et al. 1999 ).
The weight of T. insignis fruit was positively related to the number of R. turpiniae larvae it contained, indicating that females may have regulated the oviposition of eggs according to fruit size. However, it was impossible to determine if the larvae found in individual fruits came from a single female, or if they resulted from several ovipositions by multiple females. Averill and Prokopy (1987) demonstrated that the degree of larval competition in R. pomonella was affected by fruit size, and that this factor also affected adult survivorship.
Results from R. turpiniae maintained in Þeld cages were consistent with those obtained under natural conditions. The peak mating activity in R. turpiniae occurred between 1100 and 1600 hours, which was also found in R. mendax by Smith and Prokopy (1981) .
Our observations of R. pomonella showed that there was a signiÞcantly greater number of matings between 1000 and 1100 hours, which differs with previous results of , who found no association between mating frequency and time of day. Lack of correspondence between our results for R. pomonella and those of may be attributable to differences in climatic conditions or to genetic differences in ßy populations. Sexual activity in R. zoqui appeared similar to that of the other two species.
Under controlled conditions it was observed that females of all three species mated on multiple occasions and that the greatest number of matings per female were recorded for R. turpiniae. Opp et al. (1990) stated that in R. pomonella multiple matings may promote sperm competition among males and that the sperm deposited by the last male has precedence over previous sperm deposited. Multiple matings may also be an insurance mechanism against infertile sperm (Boller 1965 , Neilson and MacAllen 1965 , Eberhard 2000 . Further, it could be easier for females to accept males than to reject them (i.e., convenience polyandry).
Mating duration was longer in R. pomonella than in R. turpiniae and R. zoqui and was even greater than the mating time reported for individuals from a Massachusetts R. pomonella population (Opp et al. 1990 ). In R. zoqui, mating time was very similar to that recorded for R. mendax (23 min on average for R. mendax, with a range of 19 Ð 44 min; Smith and Prokopy 1981) . Rhagoletis zoqui females mated the least number of times of all three species, and their matings were the shortest in duration as well. This relationship may have a physiological or an anatomical explanation.
In conclusion, our observations suggest that R. turpiniae, a tephritid species native to temperate and tropical zones of Mexico, exhibits a similar behavior to other Rhagoletis species that inhabit exclusively temperate regions.
